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ABSTRACT
Adults admitted to hospital with critical illness are 
vulnerable and at high risk of morbidity and mortality, 
especially in sub- Saharan African settings where resources 
are severely limited. As life expectancy increases, patient 
demographics and healthcare needs are increasingly 
complex and require integrated approaches. Patient 
outcomes could be improved by increased critical care 
provision that standardises healthcare delivery, provides 
specialist staff and enhanced patient monitoring and 
facilitates some treatment modalities for organ support. 
In Malawi, we established a new high- dependency unit 
within Queen Elizabeth Central Hospital, a tertiary referral 
centre serving the country’s Southern region. This unit 
was designed in partnership with managers, clinicians, 
nurses and patients to address their needs. In this practice 
piece, we describe a participatory approach to design 
and implement a sustainable high- dependency unit for a 
low- income sub- Saharan African setting. This included: 
prospective agreement on remit, alignment with existing 
services, refurbishment of a dedicated physical space, 
recruitment and training of specialist nurses, development 
of context- sensitive clinical standard operating procedures, 
purchase of appropriate and durable equipment and 
creation of digital clinical information systems. As the 
global COVID-19 pandemic unfolded, we accelerated unit 
opening in anticipation of increased clinical requirement 
and describe how the high- dependency unit responded to 
this demand.
INTRODUCTION
Adults with acute medical conditions in 
low- income sub- Saharan African coun-
tries often present late to healthcare. 
Patients may subsequently be faced with 
a lack of robust referral pathways and 
resources in secondary care settings. This 
increases vulnerability and contributes 
to the high observed rates of morbidity 
and mortality. Specialist critical care 
units improve survival in high- income 
countries (HICs)1 and have potential 
to significantly improve prognosis in 
low- income and middle- income countries 
(LMICs) where the mortality rates of crit-
ically unwell patients remain unacceptably 
high.2 Contextual differences mean that 
transplanting the model of intensive care 
directly from HIC to LMIC may not be 
feasible or desirable.3 However, provision 
of increased nursing care and improved 
monitoring for unstable critically unwell 
patients could profoundly improve patient 
outcomes. Pre- COVID-19 in Malawi, there 
were 16 working ventilators across four 
central hospitals in a survey on 16 May 
20204; this equates to 0.1 ‘conventional’ 
intensive care beds with ventilator capa-
bility per 100 000 population (compared 
with 27.0 per 100 000 in USA).5 However, 
thinking in terms of ‘beds’ and ‘ventila-
tors’ distracts from the critical shortage of 
healthcare workers and underdeveloped 
healthcare pathways required to deliver 
critical care. Developing the workforce 
requires deep and consistent investment.6 
Our aim was to support the development 
of a specialist medical critical care area 
integrated within the existing healthcare 
system at Queen Elizabeth Central Hospital 
(QECH), Blantyre. We concentrated on 
Summary box
 ► There is an unmet need for critical care services 
for adults with unstable medical conditions in low- 
resource settings.
 ► We sought to establish a high- dependency unit nest-
ed within the existing healthcare system.
 ► We describe a prospective approach to cocreate a 
sustainable high- dependency unit relevant to low- 
resource settings.
 ► Opened as the COVID-19 epidemic unfolded, the 
high- dependency unit was instrumental to the de-
livery of standardised care for patients with severe 
respiratory and comorbid disease.
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critically unwell medical patients as this vulnerable 
population was underserved within the hospital 
compared with surgical patients. Here, we describe 
our experience of the process: designing and reno-
vating the ward space; establishing guidelines, path-
ways and procedures; workforce training; and devel-
oping clinical information systems. Figure 1 describes 
the key components for successful establishment of 
critical care that healthcare delivery managers should 
consider during planning and delivery.
SETTING
QECH is a government hospital of 1000 beds, providing 
free inpatient medical care to the city of Blantyre (popu-
lation 800 264) and tertiary care to those referred from 
the Southern region (population 7 750 629).7 Most adults 
present directly to the hospital or are referred from 
community healthcare facilities. After triage, stabilisation 
and specialty referral in the dedicated emergency depart-
ment, medical patients are admitted onto one of two single 
sex adult wards. Each ward houses between 50 and 100 
patients (demand varies widely according to season) and 
a ward ‘high dependency area’ that accommodates up to 
eight unstable patients. These areas receive increased clin-
ical supervision (twice daily consultant ward rounds and 
a nurse ratio of 1 to approximately 20 patients) and have 
access to oxygen delivered via cylinders and concentra-
tors; these are mostly unavailable in the main ward. Phys-
iological monitoring and nursing provision are similar 
throughout the wards, although efforts are made to prior-
itise those in the high- dependency areas. Our data show 
high morbidity and mortality in these high- dependency 
patients, commonly due to pneumonia (14.6%)8 and 
sepsis (28.1%).9 Malawi has seen a rapid increase in life 
expectancy as antiretroviral treatment programmes have 
rolled out from a mean age of 45.6 in 2000 to a projected 
64.3 in 2020.10 Trends in QECH medical admissions 
reflect this with a decreasing proportion of HIV- infection 
positive patients and an increasing proportion of older, 
HIV- infection negative patients with non- communicable 
disease (eg, hypertension and diabetes) complications.11 
This rapidly changing population presents to hospital 
with increasingly complex multimorbid disease requiring 
more specialised and integrated care.
A separate four- bed adult intensive care unit is over-
seen by the anaesthetic department. This unit has four 
operational ventilators and primarily cares for patient 
with trauma and in the postoperative period. However, 
patients with medical disease complications are not 
prioritised for intensive care unit admission. Instead, 
the unit is primarily used for postoperative monitoring 
and stabilisation for less complex patients immediately 
after surgery. An ongoing qualitative study (Malawi 
College of Medicine Research Ethics Committee 
approval P.03/19/2625) sought perspectives of care 
quality among patients with sepsis, their caregivers and 
healthcare workers (HCWs). This was indicative of expe-
riences of wider acute and critical illness at the hospital 
and informed our high- dependency unit (HDU) design 
and development. Patients and HCWs raised significant 
issues, including an overwhelming workload for HCW, 
limited time with clinicians, high patient density on the 
wards and lack of equipment such as access to oxygen and 
suction machines. Despite having care delivered in such 
a challenging environment, patients felt that HCWs were 
generally caring and improvised in the face of limited 
resources to help patients recover.
They gave us a bed, but the ward was very full. The beds 
were close to one another. If you tried to put your legs 
on the floor, you would be touching another bed. You 
wouldn’t know what your neighbour is suffering from, so it 
is much of a risk, you can get new infections.
In- depth interview quote from a female patient with sepsis 
recruited to a qualitative study that explored perspectives of 
care quality.
 
These extreme resource constraints prompted the 
creation of a dedicated and sustainable HDU to improve 
care for this vulnerable and underserved population of 
medical patients. The unit was planned in collaboration 
between QECH and the Malawi- Liverpool Wellcome 
Trust Clinical Research Programme (MLW), a research 
centre affiliated with the Malawi College of Medicine and 
situated adjacent to QECH. Preventing death from severe 
infection is a major programmatic theme for MLW.12 The 
Wellcome Trust recognised the unmet need for adult 
medical hospital admissions with critical illness during 
the MLW core grant renewal process and provided 
specific funding to create the unit.
Figure 1 Key components for critical care delivery. 
Summary figure developed from the Faculty of Intensive Care 
Medicine UK guidelines for the provision of intensive care 
services.14
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HDU REMIT
Critical care has been defined by its key components: a 
distinct physical space, organised systems for care provi-
sion, specialist staff, enhanced patient monitoring and 
multiple modalities for providing organ support.13 In the 
UK, four levels of hospital care are recognised (table 1)14
Prior to commencement of the project, preliminary 
round table discussions between institutional leaders 
developed a shared vision of the project. This culmi-
nated in a memorandum of understanding between the 
hospital and MLW directors, leading to regular meetings 
of key medical, nursing and research staff (‘the team’) 
to operationalise the vision. We aimed to provide an 
HDU that addressed limitations in level 1 and 2 care 
provision for medical patients. Three key areas of need 
were identified: (1) a dedicated physical space, designed 
specifically for the care of critically unwell patients; (2) 
provision of specialist critical illness nurses at increased 
ratio compared with standard ward care; and (3) unin-
terrupted oxygen supplementary supply. With this foun-
dation, we expected that the unit would be sustainable, 
responsive to future needs and realistic given a limited, 
fixed budget. We held weekly meetings with a wide group 
of stakeholders (including the clinical and nursing lead-
ership, facilities and estates, and service users) to prospec-
tively develop a shared understanding of what services 
would be offered. These meetings were vital to manage 
expectations of the available resources and project scope, 
including prospective discussions around provision of 
advanced functions such as ventilation and arterial blood 
gas monitoring. Through discussion, the team agreed 
that provision of high- quality nursing and monitoring 
care were the strategic focus based on the potential for 
sustainable benefit to patients. The team included plans 
for high- fidelity data collection to facilitate analysis of 
patient outcomes and engender a culture of continuous 
quality improvement.
INFRASTRUCTURAL REFURBISHMENT
The hospital leadership identified, and made available, a 
ward area for refurbishment. Availability of separate space 
had resulted from changes to tuberculosis treatment 
regimens that reduced inpatient numbers. Geographi-
cally, this space was directly adjacent to the male medical 
ward and convenient for referrals and step downs. MLW 
recruited a senior nurse, experienced in critical care 
service development (EN); a consultant in critical care 
medicine (BM); and a construction project manager 
(SA) to deliver refurbishment activities. Progress updates 
were provided at the weekly meetings and specific 
‘task and finish’ objectives agreed with stakeholders. 
This triumvirate approach ensured that clinical needs 
informed the construction process from the outset. Our 
space constraints allowed an optimal configuration as a 
nine- bed unit, incorporating a nursing station and hand 
washing facilities (figure 2). Given financial constraints, 
the allocated space was the most important determinant 
of the unit size. Some staff were uncomfortable that the 
relatively small number of beds would severely constrain 
the medical department’s capacity for critical care. 
Recognising these concerns fed highly productive discus-
sions about patient selection, targeting of resources and 
efficient referral and discharge pathways.
The multidisciplinary approach to ward design drove 
explicit prioritisation of our unit’s function and helped 
crystallise important teaching points among the clin-
ical team. For example, the plan to position the sickest 
patients closest to the nursing station prompted careful 
thought on spacing and the configuration of electrical 
sockets to support the increased monitoring and treat-
ment modalities (eg, provision of infusion pumps) that 
might be required. Coordination through the project 
manager linked these service needs to infrastructural 
reality: the building of medical gas pipelines and safe 
storage areas, installation of electrical manifolds and 
hardware for data connections and laying of an appro-
priate cleanable flooring. As the COVID-19 pandemic 
began to unfold in early 2020, this process was acceler-
ated in anticipation of increased clinical demand. Works 
were completed in March 2020, before the first cases 
were detected in Malawi, and the unit handed over to 
clinical staff for final preparations.
NURSE RECRUITMENT AND TRAINING
High workload and low staff to patient ratios are asso-
ciated with poorer outcomes for patients with critical 
illness.15 The team determined to aim for ratios of not 
more than four patients per nurse on the HDU, neces-
sitating a team of 10 nurses and 4 healthcare assistants. 
Registered nurses were recruited in August 2019, with 
five employed by MLW and five employed by the hospital 
under the leadership of EN (MLW) and her deputy (CN, 
Table 1 Levels of critical care
Level Definition
0 Patients whose needs can be met through normal ward care in an acute hospital.
1 Patients at risk of clinical deterioration, or those recently relocated from higher levels of care, whose needs can be met on an 
acute ward with additional specialist advice and support from the critical care team.
2 Patients requiring more detailed observation or intervention including support for a single failing organ system, those 
receiving postoperative care or those ‘stepping down’ from level 3 care.
3 Patients requiring advanced (ventilatory) respiratory support alone or basic respiratory support together with support of two 
or more organ systems. This level includes all complex patients requiring support for multiorgan failure.
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QECH). Prior to unit opening, nurses rotated through 
critical care areas within the hospital. The nurses found 
this extremely useful in providing a strong grounding 
in critical care approaches. In addition to experiential 
learning, we designed and delivered bespoke training 
that specifically aimed to empower the nursing cadres 
and give confidence in their new roles. Foundational 
training included completion and interpretation of 
observation charts, and governance and data collection 
activities. Nurses also identified more advanced learning 
needs, resulting in a tailored approach.
After completion by the construction team, nurses 
were deployed on the newly refurbished HDU and 
undertook 10 days of preparatory work and orientation 
activities including in situ simulation training prior to 
acceptance of patient admissions. Initially, two beds were 
opened while clinical processes were troubleshooted 
before the entire bed base was made available to admis-
sions. Continuous training was provided after the unit 
opened, focused on topics that were responsive to real- 
world clinical problems encountered during opening, 
and core competencies. Specific examples included 
enhanced training on patient monitors, safe titration of 
oxygen guided by patient SpO2, management of poorly 
controlled diabetes and prone- positioning techniques in 
anticipation of patients requiring admission for severe 
COVID-19 infection.16
CLINICAL STANDARD OPERATING PROCEDURES
In parallel with nurse training, the team developed standard 
operating procedures (SOPs) to govern HDU activities. 
These were developed in partnership with clinical and 
nursing teams to ensure standardisation across the existing 
hospital systems. We specifically engaged with emergency 
department, intensive care and medical practitioners to 
ensure that expectations of unit capabilities were aligned. 
In parallel, governance and condition- specific SOPs were 
drafted by EN, JR and BM with specialist input where 
required. These SOPs were deliberately context sensitive 
and developed collaboratively with partners in the existing 
healthcare system to ensure that aims and objective were 
deliverable and sustainable. SOPs were made widely 
available to healthcare workers in printed and electronic 
formats and used as base training material for nursing staff 
working on the unit. We anticipated that clinical need for 
high dependency care would outweigh resource availa-
bility, so we prospectively agreed on admission criteria to 
focus on acute and treatable medical conditions.
The team agreed on criteria for those patients who may 
not be suitable for HDU admission including: terminal 
medical conditions more appropriately treated with palli-
ative care, conditions with no available definitive treat-
ment in Malawi, conditions requiring specific treatments 
outside the scope of the unit and a reduced or deterio-
rating conscious level caused by medically irreversible cere-
bral damage (eg, massive cerebrovascular accident). We 
also agreed that the unit should aim to operate below full 
capacity to ensure that a bed is readily available for rapid 
patient admission and stabilisation. There is evidence that 
a critical care bed occupancy rate of 70%–75% is optimal 
for critical care delivery and patient outcome.17 In addi-
tion to our admission criteria, the team also agreed with 
stakeholders that recovering patients, stabilised after acute 
illness, would be given priority for step down to ward level 
care to maintain unit capacity.
EQUIPMENT
Through the clinical leadership team (EN, BM, JR and 
NB), we prospectively formulated a list of equipment 
mapped to the intended capabilities of the unit. We 
Figure 2 Infrastructural refurbishment. (A) Ward prerefurbishment; (B) floor plan; and (C) ward postrefurbishment. Note: 
Blantyre is situated 1039 m above sea level and has very low vector density and disease transmission within the city. Therefore, 
mosquito nets were not replaced during the refurbishment.
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prioritised this list into essential and preferred items 
and began the procurement early in the refurbishment 
process (November 2019). Equipment prioritisation 
and procurement for low- income countries is chal-
lenging. Existing evidence demonstrates that 40%–70% 
of medical devices and equipment in LMICs are broken, 
unused or unfit for purpose.18 To reduce this risk, we 
prospectively engaged with colleagues from the adult and 
paediatric ICUs to ensure that procured items were maxi-
mally compatible with existing equipment and to learn 
from local experience. Essential to this process was part-
nership with the hospital maintenance department to 
ensure that all the equipment purchased was serviceable 
on- site. Through this engagement, we were able to access 
an existing global north–south knowledge exchange 
partnership within the hospital19 to facilitate purchase of 
durable patient monitors with skilled hospital engineers. 
Engineers led on equipment training to promote patient 
safety and device durability. Training was delivered using 
dedicated supervised in situ simulation training with the 
equipment prior to unit opening. This method enabled 
systems testing within a controlled environment before 
the unit was opened to patients.20
INFORMATION SYSTEMS
Building on an existing electronic hospital registry 
system,21 the team decided to prospectively capture 
demographic and clinical outcome data for patients 
admitted to the HDU. We determined that high- quality 
and accessible data would facilitate a continual cycle 
of audit and quality improvement activities. Based on 
experience from the Intensive Care National Audit 
& Research Centre (ICNARC)22 and observing low- 
income and middle- income critical care registry 
work from other groups,23 a data specialist (JG) and 
clinician (BM) adapted the ICNARC data collection 
tool for the Malawi setting. All patients admitted 
to the hospital have a unique identifier attached to 
their health passport (a universally used patient- 
held written health record). This existing electronic 
system collects basic demographic and outcome data 
and informs knowledge of local epidemiology.9 We 
used open source (Open Data Kit (ODK)) electronic 
software on a tablet device to prospectively collect 
daily admission, follow- up and discharge data for all 
patients admitted to the unit. Anonymised data were 
linked using the existing unique identifier to deter-
mine outcomes at high dependency and hospital 
discharge (online supplemental figure S1). MLW data 
management systems and servers adhere to globally 
recognised relevant standards to protect patient infor-
mation, including ICH- GCP, GCDMP, GDPR, CDISC/
CDASH and relevant Malawi data protection legisla-
tion. We piloted and refined the data collection tool 
with nursing staff before roll- out on the unit in April 
2020. A data dashboard report was codesigned by the 
data and statistics departments using open source 
R statistical software. Data are collated and dissem-
inated to nursing and clinical teams on a monthly 
basis, although the approach has potential for real- 
time feedback (see online supplemental figure S1). 
The ‘R’ package and ODK data dictionary are freely 
available on GitHub (https:// github. com/ mlw- stats/ 
HDRU). At the time of writing, implementation of 
our planned monthly morbidity and mortality meet-
ings to review these data have been delayed due to the 
COVID-19 epidemic.
THE COVID-19 EXPERIENCE
The first case of COVID-19 infection was confirmed in 
Malawi on 2 April 2020.24 Blantyre subsequently became 
a focus of the national epidemic, and multiple patients 
required admission to QECH for oxygen support. In 
response, hospital services were reorganised, and the 
HDU was incorporated within the COVID-19 ‘hot’ area 
to cohort and manage suspected and confirmed cases. 
The value of the HDU in providing a secure environment 
for clinical training and personal protective equipment 
provision was immediately obvious. Patients with severe 
hypoxia were preferentially admitted to the HDU for 
uninterrupted oxygen and continuous monitoring capa-
bilities. The HDU senior team supported the develop-
ment of standardised evidence- based clinical guidelines 
to optimise patient outcomes25 on the unit, including 
provision of titrated oxygen, dexamethasone and prophy-
lactic heparin. Clinicians were able to directly refer 
unstable and complex patients to the HDU for increased 
care provision, severely hypoxic patients were prioritised 
and those with steroid- induced poor blood sugar control. 
HDU nursing staff cascaded training on safe oxygen titra-
tion and were able to support ward areas with provision of 
oxygen mask interfaces (eg, 15 L non- rebreather masks). 
On stabilisation and titration of oxygen, patients were 
stepped down to the main ward prior to discharge. In 
parallel with direct care provision on the HDU, MLW was 
also able to support the effort against COVID-19 through 
installation of an oxygen plant supporting the entire 
hospital and personal protective equipment to support 
frontline government workers.26
CONCLUSION
We established a bespoke HDU cocreated in partnership 
with local managers, clinicians and nurses to improve care 
delivery for vulnerable adult patients with critical illness. 
As the HDU matures, we plan to use our high- quality data 
collection to drive audit and quality improvement activ-
ities to continue improved care. This will be delivered 
through strong engagement with the medical depart-
ment with data freely accessible to local practitioners for 
use. Undergraduate and postgraduate training will be 
offered on the unit for clinicians, nurses and multidis-
ciplinary team members including physiotherapists and 
pharmacists. We will make our data collection tools avail-
able to critical care areas across the hospital and align 
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these with electronic data capture systems already in 
place and in development. We will also seek to join inter-
national critical care registry networks to share learning 
from other LMIC contexts to improve patient care. All 
nurses employed on the unit perform a hybrid role of 
clinical care and research delivery. We plan to use this 
unique resource to conduct translational research to 
better inform care for patients with severe illness. This 
clinical/research model will be used to secure sustain-
able funding to maintain and advance HDU care capa-
bilities for patient benefit. We plan qualitative work to 
determine if and how the unit has influenced patient 
perspectives of acute care quality.
Twitter Ben Morton @benjamesmorton
Acknowledgements We would like to acknowledge the nursing staff and 
housekeepers who have worked on the high- dependency unit: Naomi Munthali, 
Modesta Reuben, Tinenenji Kaomba, Chikondi Chakwiya, Edward Mangani, Linda 
Chamtunga, Vitumbiko Nkhoma, Pemphero Liwonde, Mercy Machilika, Mary 
Matunga, Mable Lajab, Kondwani Kambalame, Cheston Phiri, Ethel Kamanga and 
Tushapo Msukwa.
Contributors All authors made a substantial contribution to the conception or 
design of the work, or the acquisition, analysis or interpretation of data for the work 
and drafting the work or revising it critically for important intellectual content; give 
final approval of the version to be published; and agree to be accountable for all 
aspects of the work in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and resolved.
Funding This project was primarily funded by the Wellcome Trust core grant 
renewal to the Malawi- Liverpool Wellcome Trust Clinical Research Programme with 
contributions from Wellcome Trust awards 211433/Z/18/Z and 220757/Z/20/Z.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval Malawi College of Medicine Research Ethics Committee approval 
P.03/19/2625.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement All data relevant to the study are included in the 
article.
Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.
ORCID iDs
Ben Morton http:// orcid. org/ 0000- 0002- 6164- 2854
Marc Yves Romain Henrion http:// orcid. org/ 0000- 0003- 1242- 839X
Tim Baker http:// orcid. org/ 0000- 0001- 8727- 7018
REFERENCES
 1 van der Sluijs AF, van Slobbe- Bijlsma ER, Chick SE, et al. The impact 
of changes in intensive care organization on patient outcome and 
cost- effectiveness- a narrative review. J Intensive Care 2017;5:13.
 2 Moore CC, Hazard R, Saulters KJ, et al. Derivation and validation 
of a universal vital assessment (UVA) score: a tool for predicting 
mortality in adult hospitalised patients in sub- Saharan Africa. BMJ 
Glob Health 2017;2:e000344.
 3 Manda- Taylor L, Mndolo S, Baker T. Critical care in Malawi: the 
ethics of beneficence and justice. Malawi Med J 2017;29:268–71.
 4 Sonenthal PD, Masiye J, Kasomekera N, et al. COVID-19 
preparedness in Malawi: a national facility- based critical care 
assessment. Lancet Glob Health 2020;8:e890–2.
 5 Phua J, Hashmi M, Haniffa R. ICU beds: less is more? not sure. 
Intensive Care Med 2020;46:1600–2.
 6 World Health Organisation. Achieving the health- related MDGs. 
it takes a workforce! 2017. Available: http://www. who. int/ hrh/ 
workforce_ mdgs/ en/ [Accessed 08 May 2017].
 7 Office MNS. 2018 Malawi population and housing census, 2018. 
Available: http://www. nsomalawi. mw/ index. php? option= com_ 
content& view= article& id= 226: 2018- malawi- population- and- housing- 
census& catid= 8: reports& Itemid=6 [Accessed 22 Aug 2020].
 8 Aston SJ, Ho A, Jary H, et al. Etiology and risk factors for mortality 
in an adult community- acquired pneumonia cohort in Malawi. Am J 
Respir Crit Care Med 2019;200:359–69.
 9 Lewis JM, Abouyannis M, Katha G, et al. Population incidence and 
mortality of sepsis in an urban African setting 2013-2016. Clin Infect 
Dis 2019:ciz1119.
 10 Macrotrends. Malawi life expectancy 1950-2020, 2020.
 11 Gadama Y, Kamtchum- Tatuene J, Benjamin L, et al. The significant 
gap between international standards and stroke management 
practices at Queen Elizabeth central Hospital (Malawi): an audit 
report. Malawi Med J 2019;31:249–55.
 12 MLW. Malawi- liverpool Wellcome trust clinical research programme, 
2020. Available: https://www. mlw. mw/
 13 Marshall JC, Bosco L, Adhikari NK, et al. What is an intensive care 
unit? A report of the task force of the world Federation of societies 
of intensive and critical care medicine. J Crit Care 2017;37:270–6.
 14 FICM. Guidelines for the provision of intensive care services V2, 
2018. Available: https://www. ficm. ac. uk/ standards- research- 
revalidation/ guidelines- provision- intensive- care- services- v2 
[Accessed 11 Nov 2019].
 15 Lee A, Cheung YSL, Joynt GM, et al. Are high nurse workload/
staffing ratios associated with decreased survival in critically ill 
patients? a cohort study. Ann Intensive Care 2017;7:46.
 16 Bamford P, Bentley A, Dean J, et al. ICS guidance for prone 
positioning of the conscious COVID patient, 2020.
 17 Tierney LT, Conroy KM. Optimal occupancy in the ICU: a literature 
review. Aust Crit Care 2014;27:77–84.
 18 Diaconu K, Chen Y- F, Cummins C, et al. Methods for medical device 
and equipment procurement and prioritization within low- and 
middle- income countries: findings of a systematic literature review. 
Global Health 2017;13:59.
 19 NOREC. Building a paediatric surgery programme in Malawi and 
Norway, 2020.
 20 Small SD. Simulation applications for human factors and systems 
evaluation. Anesthesiol Clin 2007;25:237–59.
 21 SanJoaquin MA, Allain TJ, Molyneux ME, et al. Surveillance 
programme of in- patients and epidemiology (spine): implementation 
of an electronic data collection tool within a large hospital in Malawi. 
PLoS Med 2013;10:e1001400.
 22 ICNARC. Case mix programme, 2019. Available: https://www. icnarc. 
org/ Our- Audit/ Audits/ Cmp/ About [Accessed 14 May 2019].
 23 Hashmi M, Beane A, Taqi A, et al. Pakistan registry of intensive care 
(price): expanding a lower middle- income, clinician- designed critical 
care registry in South Asia. J Intensive Care Soc 2019;20:190–5.
 24 Malawi Ministry of Health. COVID-19 national information 
dashboard, 2020. Available: https:// covid19. health. gov. mw/ 
[Accessed 30 Jun 2020].
 25 Banda N, Hara W, Cocker D, et al. First case report of a successfully 
managed severe COVID-19 infection in Malawi. Malawi Med J2020.
 26 Malikwa M. Minister inaugurates oxygen plant at Qech. The Nation, 
2020.
